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FOREWORD 

Tha  guidelines  and  algorithms  of  this  reoort  are  intended  to  be 
used  by  experienced  professional  training  system  designers  and  -ananers 
who  will  be  tasked  with  the  planning,  design,  and  utilization  c ' traininn 
systems.  These  professionals  should  be  versed  in  the  osycholcqy 
learning  and  be  acquainted  with  the  terminology. 

A simplified  version  of  these  guidelines  has  been  oublished  separate 
by  the  Navy  for  personnel  inexperienced  in  the  application  of  the  psycho' 
ogy  of  learning.  The  translation  of  these  guidelines  was  made  by  the 
Center  for  Educational  Technology,  Florida  State  University,  and  the 
resulting  nontechnical  guidelines  are  presented  as  a part  of  N^VEDTRA 
106A,  the  Interservice  Procedures  for  Instructional  Systems  Deve'opnent 
(August  1975). 

These  guidelines  and  algorithms  are  suppor‘’ed  by  varying  amounts  of 
empirical  data,  but  all  have  at  least  a basic  core  of  empirical  support. 
The  categories  of  tasks  are  neither  comprehensive  nor  entirely  independen 
of  each  other.  Finally,  it  is  important  that  these  Guidelines  and 
algorithms  should  be  used  in  conjunction  with  another  report  (Braby, 
Henry,  Parrish,  and  Swope,  1975)  which  concerns  job  task  categories, 
training  media,  and  training  cost  factors  to  form  the  widest  possible 
basis  for  decision  making  in  the  design  of  instructional  programs. 
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SECTION  I 
INTRODUCTION 

In  the  process  of  designing  training  systeitis,  professionals  have 
been  inconsistent  in  integrating  available  knowledge  and  principles  on 
how  people  learn.  Frequently,  the  translation  of  psychological  learning 
principles  into  practices  useful  for  the  classroom  has  not  been  accomplished, 
much  to  the  detrWnt  of  the  instructional  program.  Since  significant 
training  gains  can  be  made  through  the  application  of  these  principles, 
guidelines  which  assist  the  designer  In  the  translatio-"  nf  bas  c concepts 
of  learning  into  descriptions  of  specific  action  to  be  taken  a.  needed. 

To  solve  this  problem,  the  development  of  standard  guidelines  for 
structuring  of  training  materials  is  being  seriously  examined, 

PURPOSE  AND  USE  OF  THE  REPORT 

This  report  summarizes  in  a simple,  reedily  usable  format,  the 
psychological  learning  principles  applicable  to  the  training  of  common 
military  job  tasks.  It  provides  guidance  for  training  system  designers 
in  defining  basic  learning  events  which  reflect  research  findings  on  how 
people  learn  specific  types  of  tasks.  The  use  of  algorithms  (in  the 
form  of  flow  charts)  to  display  learning  guidelines  in  a manner  that 
emphasizes  the  flow  of  events  and  the  combining  and  sequencing  of  learning 
guidelines  in  the  design  of  a training  program  is  also  demonstrated. 

These  learning  guidelines  and  algorithms  were  used  in  the  develop- 
ment of  the  Instructional  Delivery  System  Selection  Charts  in  the  basic 
Training  Effectiveness,  Cost  Effectiveness  Prediction  (TECEP)  report 
(Braby,  et  al.,  1975).  As  such,  this  report  serves  as  background  informa- 
tion on  the  TECEP  technique  and  also  ser-ves  as  an  aid  in  carrying  out 
various  steps  in  the  TECEP  technique. 

The  learning  guidelines  and  algorithms  presented  are  exp>essed  in 
nontechnical  language.  They  have  been  developed  from  the  more  formal 
base  of  theory  so  that  principles  of  learning  rnght  be  '“ore  widely 
understood  and  used  in  the  design  of  training  systems. 

Certain  constraints  must  be  considered  in  the  utilization  of  the 
guidelines  and  algorithms.  First,  these  guidelines  are  general  approaches. 
Their  relevance  to  given  training  settings  must  be  carefully  ascertained. 

The  task  categories  and  related  guidelines  are  not  at  a level  that  vmni 
accommodate  any  training  setting.  In  sceci^ic  instances,  it  may  ret  be 
possible  to  match  a given  job  task  with  a defined  task  category.  In 
other  instances,  it  may  not  be  practical  to  fully  implement  every  learning 
guide!  irie.  In  these  situations,  the  training  system  designer  should  use 
the  guidelines  that  do  apply  to  the  given  training  situation. 
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It  should  be  noted  that  the  algorithms  representing  the  learning 
guidelines  are  not  the  product  of  empirical  research  but  are  the  product 
of  rational  study.  While  each  of  the  guidelines  can  be  supported  with 
experimental  evidence,  the  algorithms  based  on  the  composite  of  these 
guidelines  have  not  been  validated;  such  validation  is  beyond  the  scope 
of  the  present  study.  Innovative  training  methods,  based  on  the  guidelines 
and  algorithms,  should  be  tried  in  pilot  studies,  evaluated,  and  miodified 
until  they  function  properly  before  applying  them  widely  throughout  the 
Naval  Training  Command. 

BACKGROUND 


Various  attempts  have  been  made  tg  translate  specific  principles 
and  concepts  into  general  guidelines  for  training  system  design.  Most 
have  fallen  short  in  that  they  have  not  adequately  attended  to  the  full 
range  of  tasks  that  occur  in  military  or  civilian  training  programs. 

These  previous  efforts  have  been  less  than  satisfactory  for  use  in  the 
design  of  military  training  programs.  Several  of  the  more  significant 
efforts,  however,  are  worthy  of  note  and  are  described  next.  B.  F. 
Skinner  (1954)  transformed  a series  of  principles  of  learning  into  a set 
of  rules  for  writing  and  using  progranmed  texts.  By  following  these 
rules  or  guidelines,  educators  were  able  to  write  orogrammed  lessons 
based  on  the  principles.  These  rules  were  subsequently  refined  (Holland, 
1960)  as  a base  of  experience  accumulated  in  programmed  learning. 

Other  attempts  have  been  made  (Miller,  195>,  Sheffield,  1961; 
Lumsdaine,  1064;  Ellis,  1972)  to  translate  specific  principles  derived 
from  learning  theory  into  guidelines  for  designing  "raining  systems  for 
specific  types  of  learning  tasks.  A noteworthy  effort  in  this  regard  was 
made  by  Willis  and  Peterson  (1961)  in  which  they  analyzed  the  principles 
applicable  to  training  of  nine  major  learn’ing  theorists  and  identified  a 
list  of  learning  principles  cotnr.on  to  them  a 1 . Fi^ty-one  guidelines 
were  developed  from  these  conmon  concepts  and  these  were  matched  with  19 
types  of  Navy  training  tasks.  These  sets  of  guidelines  were  intended  to 
be  used  as  checklists  for  the  design  and  use  of  faining  devices. 

However,  the  guidelines  were  e.-^pressed  in  language  *hat  'was  too  technical 
and  abstract  to  be  useful  for  most  instructional  des’oners  and  they  did 
not  ceal  with  all  of  the  importan^:  issues  related  to  che  design  of 
learning  sequences. 


One  of  the  most  widely-read  attempts  to  translate  learning  theory 
into  design  guidelines  is  that  of  Gagn^  (1965).  Eight  types  o'"  learning 
were  identified  and  the  conditions  of  learning  for  each  type  described. 
This  work  was  later  refined  by  Gagne  and  Briggs  (’■97^)  who  identified 
five  broad  categories  of  learning  outcomes  and  described  the  learning 
crincioles  associated  with  these  types  of  learning.  In  both  studies. 
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of  theory.  However,  Gagne's  taxonomy  of  learning  classes  cannot  be 
easily  applied  to  the  broad  range  of  military  job  tasks. 

A more  comprehensive  guide  is  needed  to  translate  learning  principles 
into  learning  events  for  military  training.  The  TECEP  technique  (Braby, 
et  al.,  1975)  was  developed  by  TAEG  to  provide  the  Navy  training  establish- 
ment with  learning  principles  appropriate  to  Navy  job  tasks  and  to  outline 
a method  of  choosing  cost-effective  instructional  delivery  systems  that 
support  the  use  of  these  learning  principles.  The  TECEP  technique 
incorporates  the  use  of  learning  guidelines  based  in  part  on  those  used 
by  Willis  and  Peterson  (1961)  and  by  Gagn^  (1965).  Additionally,  algorithn, 
were  developed  to  make  clear  the  combining  and  sequencing  of  the  guidelines 
In  the  TECEP  technique  (1)  common  classes  of  training  tasks  are  defined, 

(2)  a set  of  learning  guidelines  and  an  algorithm  are  presented  for  each 
class  of  training  tasks,  (3)  some  instructional  delivery  systems  capable 
of  carrying  out  each  set  of  learning  guidelines  and  algorithms  are 
identified,  and  (4)  a cost  model  is  provided  for  use  in  projecting  the 
cost  of  using  each  instructional  design  alternative  in  a specific  training 
setting.  Design  decisions  are  based  on  estimates  of  both  the  cost  and 
effectiveness  of  the  various  approaches. 

ORGANIZATION  OF  THE  REPORT 

In  addition  to  this  Introduction,  two  additional  sections  are 
presented  in  this  report.  Section  II  presents  descriptions  of  11  basic 
types  of  learning  tasks  with  learning  guidelines  and  an  algorithm  for 
each.  Directions  for  the  interpretation  and  use  of  the  algorithms 
are  also  presented.  Section  III  contains  reconrendations  for  training 
system  designers  concerning  the  application  of  the  concepts  presented  in 
the  report.  A glossary  of  some  technical  terms  used  in  the  guidelines 
and  algorithms  is  appended.  References  are  also  cited  which  support  the 
concepts  in  the  learning  guidelines. 
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SECTION  IT 

LEARNING  GUIDELINES  AND  ALGORITHMS 

Learning  strategies  are  presented  for  11  types  of  cormon  military 
t'^aining  tasks.  Each  strategy  contains  (1)  a description  of  the  type  of 
job  tasks  to  which  the  strategy  can  be  applied,  (2)  learning  guidelines 
(general  principles)  that  will  produce  the  most  efficient  student  learning 
of  these  tasks,  and  (3)  an  algorithm  which  combines  and  sequences  the 
guidelines  into  a flow  of  events. 

This  approach  assumes  that  human  learning  of  specific  job  tasks  can 
be  prescribed  using  generic  classes  of  learning  events  and  job  task 
categories.  By  limiting  the. number  of  classes  to  be  considered,  the 
process  of  prescribing  solutions  is  simplified.  However,  it  should  be 
recognized  that  a high  degree  of  artificiality  is  inherent  in  this  type 
of  classification  scheme.  Subtle  variations  in  both  job  structure  and 
appropriate  learning  activity  are  not  accommodated.  Also  skilled  perform- 
ance of  a job  task  usually  requires  the  performer  to  respond  with  complex 
behavior  that  cuts  across  the  classes  in  simple  classification  schemes. 
Since  the  guidelines  and  algorithms  presented  in  this  section  are  basic 
prescriptions,  the  training  system  designer  should  adapt  these  solutions 
into  more  sensitive  responses  to  the  specific  requirements  of  the  learning 
setting. 

The  guidelines  and  algorithms  can  be  applied  most  directly  to  the 
early  phases  of  training.  After  mastering  the  elemental  tasxs,  the 
student  proceeds  to  combine  different  types  of  elemental  tasks  into 
performance  segments,  phases  of  a mission,  and  TuI]  mission  performance. 
While  individual  guidelines  are  still  valid  at  these  higher  levels  of 
learning,  the  application  of  the  algorithms  will  not  necessarily  be 
ape  opriate.  The  guidelines  and  algorithms  should-  be  used  with  these 
cautions  in  mind. 

Table  1 describes  the  11  types  of  tasks  for  which  learning  guidelines 
and  algorithms  are  provided.  By  matching  the  general  characteristics  of 
a training  objective  with  the  action  verbs,  behavioral  attributes,  and 
examoles  listed  in  table  1,  the  appropriate  guidelines  and  algorithms 
C3'  usually  be  identified.  Where  a clear  match  cannot  be  made,  a single 
appropriate  TECEP  learning  strategy  may  not  exist  but  a combination  of 
several  may  be  required.  In  these  instances  the  designer  may  find  it 
necessary  to  build  from  the  guidelines  ^nd  algorithms  in  this  report  a 
learning  stra+^gy  that  meets  his  specific  training  requirements. 

The  glossary  appended  to  this  report  defines  the  technical  terms 
used  in  both  the  learning  guidelines  and  the  algorithms.  The  different 
kinds  of  symbols  in  the  algorithms  are  used  as  types  of  instructions. 

The  meaning  of  each  symbol  is  described  in  table  2. 
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TABLC  1.  arvrri  iM'rA  or  rirtrNiAi  iiAKri'.rji',  iasks 


NAMES  OF  1 
LEARNING  | 
TASKS  1 

CHARACTERISTICS  Of  TRAINING  OIUECTI 

vrs  WITHIN  TASK  (. 

Mi  (iOK 

ACTION 

VERBS 

GuHAVIORAL  ATTRItUITES 

rxAMI’L  1 S 

1 1.  RECALLING 
: SOOIES  OF 
) KNOWLEDGE 

i 

Answer 

Define 

Express 

Inforn 

Select 

1.  Concerns  verbal  or 
symbolic  learning. 

2.  Concerns  acquisition  and 
long- terra  maintenance  of 
Lnowledde  so  that  it  can 
be  recalled. 

1.  Recalling  equipment  nomen- 
clature PT  functions. 

?.  Recalling  system  functions, 
such  as  the  complex  rela- 
tions bei.wecn  the  system's 
input  and  output. 

3.  Recalling  physical  laws, 
such  as  Ohm's  law. 
a.  Recallimi  specific  radio 
frc(]uencies  and  nthc'C 
discrete  facts. 

! 2.  USING 

Apply 

1.  Concerns  the  practical 

1.  Based  on  academic  Lnnw’edctc. 

! VERBAL 

Arrange 

application  of 

drterr’n-  whic)’  (’nuip'ni'nt.  to 

1 INFORMA- 

Choose 

infomation. 

use  f ..  . snecitir  eeal 

1 TION 

Compel e 

2.  Generally  follows  the 

world  tasL. 

! 

! 

1 

1 

1 

! 

1 

Determine 

initial  learning  of 
information  through  the 
use  of  the  guidelines 
for  Recalling  Bodies 
of  Knowledge. 

3.  Limited  uncertainty  of 
outcome. 

4.  Usually  little  thought 
of  other  alternatives. 

2.  Based  on  an  academic.  Inowl- 
edge  of  the  syslimt.  compare 
alternative  modes  of  opera- 
tion of  a piece  of  cciuipment 
and  determine  the  apnropri- 
ate  mode  for  a specific  re.il 
world  si  tiiation. 

3.  Rascu  on  memorized  knewledqc 
of  radio  f reiiuencies . choose 
the  correct  freguency  in  a 
specific  real  wnrlc!  situa- 
tion. 

3.  RULE 

Choose 

1.  Choosing  a co'jrse  of 

1.  Applying  the  "rules  of  the 

LEARNING 

Conclude 

action  based  on  apply- 

road." 

AND 

Deduce 

ing  known  rules. 

2.  Solving  mathem-itica  1 equa- 

USING 

Predict 

2.  Frequently  involves 

tions  (both  choosing  correct 

Propose 

"If... Then"  situations. 

equation  and  the  mechanics 

Select 

3.  The  rules  are  not 

n'  solving  the  equation). 

Sped  fy 

questioned,  the  decision 

3.  Carrying  nut  military 

focuses  on  whether  the 

protocol . 

correct  rule  is  being 

•1.  Selecting  proper  fire 

aop! led. 

extinquishor  for  different 

type  fltTS. 

5.  Usinii  corrert  ntMnriiir  in 
novel  silijotion.  covered 


4.  MAKING 

Choose 

1 . 

Choosing  a course  of 

1.  Choosing  frequencies  to 

DECISIONS 

Design 

action  when  alternatives 

search  in  an  LCM  '.c.irrh  plan 

Diagnose 

are  unspecified  or 

2.  Choi'Sinu  tnn>edo  sesfings 

Develop 

unknown . 

during  a torn‘'do  nttarV.. 

Eval ua  Lo 

2 . 

A succtisful  course  of 

3.  Assigning  wer.i  ons  based  on 

Forecast 

action  is  not  readily 

thro.at  evali;ation. 

Formulate 

apparent. 

4.  Choosing  tactics  in  com- 

Organize 

3. 

The  penalties  for  unsuc- 

bat - wide  range  of  options. 

Select 

cessful  courses  of 

5.  Choosing  a diagnostic. 

action  are  not  readily 

stratpqy  in  dealing  with  a 

apparent.  >^... 

malfunction  in  a complex 

4. 

The  relative  value  of 

piere  nf  enuipmenf. 

pris«,  i h 1 o dr:r  i r : pfir  » 

»).  f'-vi'-,  i ri'i  t.fT  o»- 

bf;  con-i  icJortvl  - incliici- 

unos'*]}  !.fi  l,in‘[  ij[inn  riM(_h- 

inq  po«i<Jble  tmrlc  oft'.. 

i nq  f he  i ri  t if.ii ! [lo  i r)f.  i n 

s. 

treourntly  involvo'; 
forcOfl  'Inf  is  ion',  in 

•1  shn*'*  t'Vori  * if  f* 

tb''  zj  1 * h , 

, r.*  - ■ r-  • r r~  .»  * 1 

3ost  Avsilsbl©  Copy 
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TABLE  1.  ELEVEN  TYPES  OP  ELEMENTAL  LEARNING  TASKS  (continued) 


NAMES  OP 
LEARNING 
TASKS 


CHARACTERISTICS  OP  TRAINING  OBJECTIVES  WITHIN  TASK  CATEGORIES 


ACTION 

VERBS  BEHAVIORAL  ATTRIBUTES 


EXAMPLES 


5.  DETECTING 


Detect 

Distin- 

cuish 

Monitor 


1. 


2. 


Vigilance  - detect  a few 
CUPS  embedded  in  a large 
bloci;  O''  time. 

Low  threshold  cues; 
signal  to  noise  ratio 
may  be  very  low;  early 
awareness  oE  snail  cues. 

3.  Scan  for  a wide  range  of 
cues  for  a given  "target" 
and  for  dif'^erent  types 
of  "targets." 


1.  Detecting  sonar  returns 
from  a Submarine  target. 

2.  Visually  detecting  the 
periscope  of  a snorkel ing 
Submarine  during  daytime 
operations  in  a sea  state 
of  three. 

3.  Detecting,  through  a slight 

change  in  sound,  a bearing 
starting  to  burn  out'  in  a 
power  generator. 


CLASSIFY-  Identify  1.  Pattern  recognition  ap- 

IN3  Recog-  proach  of  identification 

nize  - not  problem  solving. 

Di-“er-  2.  Classi-'ication  by  non- 

entiate  verbal  characteristics. 

Classify  3.  Status  detemrination  - 

ready  to  start. 

A.  Object  to  be  classi-'ied 
can  be  viewed  from  many 
pe'-saectives  or  in  many 
'orrs , 


1.  Classifying  a sonar  target 
"sub"  or  "non-sub." 

2.  Visually  classifying  a 
flying  aircraft  as  "friend" 
or  "enemy"  or  as  an  "P-A." 

3.  Determining  that  an  identi- 
fied noise  is  a wneel  bear; 
failure,  not  a water  pump 
failure  by  rating  the  Quali 
of  the  noise  - not  by  the 
problem  sol  vino  approach. 


IDEN"IPY-  Identify  1.  'nvolves  the  reccgniticn 

ING  °ead  of  symbols. 

S''M3Ci_5  Tran-  2.  Symbols  to  be  identified 
scribe  ‘vpically  are  of  low 

meaningfulness  to 
untrained  persons. 

3.  Identification,  not 

interp'-etation,  is 
emphasized. 

A.  Involves  storing  oueues 

O''  symbolic  information 
and  related  meaninos. 


1.  Reading  elect'onic  symbols 
on  a schematic  drawing. 

2.  Identifying  m.ap  symbols. 

3.  Reading  and  tran:cr''b''rg 
symbols  or,  2 tactical 
status  board. 

A.  Identi''yipg  symbols  c'  a 
weather  map. 


VOICE 

rnMwji;' 

CA'ING 


Advise 

1. 

Speaking  and  listening 

Answer 

i-i  specialized  terse 

Cornuni - 

lanauagcs. 

cate 

2. 

O'te.’.  involves  the  use 

Converse 

o'  a soeci'ic  messaae 

Direct 

'nodel.  $tar»dar>i 

Express 

vocabulary  and  format. 

Instruct 

3. 

AHo  conce'~ns  cla»“ity 

Interview 

VO'. ce , eri'jnc' atlon , 

List 

speed. 

Order 

4. 

"im-ino  c'  verbalization 

^’eport 

is  usuallv  c--’fical  - 

Speak 

when  to  oass  i'''^o''~'at'cr5 

5 . 

"ypTceTiy  cna^'acte**'* zed 
by  redundsnc''  te’^s 

of  i n^C^'^a*^ C0'^t6''t. 

6, 

Involves  extensive  jse 
c*  ^rpvic’js'v  ove^'ea'*’'®' 
»e'"ta*  O’*  ove*"- 

o^erteap-ned 

^erino 

7 , 

"ask  may  be  di|fic.«jH  du( 

C'f''icer  civinc  C'*a'  C'*ders 
and  receiving  ’'eofts. 

Sena--  oreratcr  oass-'rg  o--al 
ir'c-— .at1cn  Over  com-^'-i- 
cation  net. 

Instructions  by  EGA 
operator  to  pilot  in 
lardino  airc-a't. 


t presence 

neiie. 


Reproduced  from 
best  available 


copy. 
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NAMES  OF  I CHARACTERISTICS  OF  TRAINING  OBJECTIVES  WITHIN  TASK  CATEGORIES 


LEARNING 

— 

TASKS 

' ACTION 
* VERBS 

BEHAVIORAL  ATTRIBUTES 

ElAwPtES 

9.  RECALL- 

Activate 

1 . Concerns  the  chaining  or 

1.  Recall inc  equipment 

ING 

Adjust 

sequencing  of  events. 

assemblv  and  disassembly 

PROCE- 

Align 

2.  Includes  both  the  cogni- 

procedures. 

DURES, 

Assemble 

tive  and  motor  aspects 

2.  Recallinq  the  coeraticn 

POSITION- 

Calibrate 

of  equipment  set-up  and 

and  check  out  procedures 

ING 

Oisassem- 

opera ti no  procedures. 

for  a piece  of  equipment 

MOVEMENT 

ble 

3.  Procedural  check  lists 

(cockpit  check  lists',. 

Insoect 

are  frequently  used  as 

3.  Followirq  equipment  turn-or. 

Operate 

job  aids. 

procedures  - emphasis  or 

Service 

motor  benflvirr. 

•0.  GUIDING 

Control 

1.  Tracking,  dynamic  con- 

1.  Submarine  bow  and  stem 

AND 

Guide 

trol;  a perceptual -motor 

plane  operators  -alntainirc 

STEERING. 

Maneuver 

skin  involving  C0"tinu- 

a constant  cr 

CONTINU- 

Regulate 

ous  pwsuit  of  s target 

i-aUnc  changes  m,  cou'se  pc 

OUS 

Steer 

or  keepinc  dials  at  a 

depth. 

MOVEMENT 

Track 

certain  reading  such  as 

2.  Tank  dr’vpr  'c'lerw’ro  a 

maintaining  constant 

road. 

turn  rates,  etc. 

3.  Sonar  operator  kceoino  tne 

2.  Compensatory  nove>nents 

cursor  nn  a sonar  target. 

based  on  reedbacV  from 

A.  Air-to-air  cunnecv  - target 

displays. 

trackirc. 

’.  Skill  in  tracking 

5.  Aircraft  pilctino  sjcn  as 

reouines  smooth  muscle 

visual ’y  cpl'.pw'nc  a 

coordination  oattems  - 

ground  rath. 

lack  0*  overcontrol. 

6.  Helrsrar  holdiro  a co.rse 

A.  Involves  estimatim* 

with  O'.rn  or  "atnnt'C 

chances  in  positions, 
velocities,  accelera- 

cobras? . 

tions,  etc. 

5.  Involves  knowledge  o*' 

display-control 

relationships. 

PERFORM- 

Carry 

1.  Perceptual  - motor 

1.  From  a yrjf’irc  poSifipr, 

ING 

Creeo 

behav'or  - emphasis  on 

tnrow.an  W£T  S r?0mec t J t ' pr 

GROSS 

Fall 

motor.  Rremium  on 

WQTOR 

vun'' 

manual  deateritv.  occa- 

target  within  e‘*ective 

SKILLS 

Lift 

sionallv  strength  and 

casualty  radius  lECR'  uS’rc 

Run 

endurance. 

acceptable  technioue. 

Swin 

2.  Repetitive  mechanical 

2.  Wearing  a utility  Jacket. 

Throw 

skill. 

utility  trcusecs.  cerbat  0.-::  = 

3.  Standardiied  behavior. 

and  jT—.ed  with  vif  ricte. 

little  room  for  varia- 

tion  or  innovatior. 

water  usirq  correct  'cr-. 

A.  Auto~atic  behavior  - 

Demonstrate  tne  orcrer 

low  level  c*  attentifr 

trchniQue  'f  ; oica:c..te 

is  required  ’h  sk’I'ed 

coeratcr.  Kinesthetic 

ore^  te***‘a*''. 

CjCS 

•m . t tP 

O'*. 

crecr'''c 

5.  “ at’’ cue  0**  ~cSv 

at  zzc’' 

become  a ‘acter  wna- 

skill  is  pe--''c.r-ec  ever 

1 

an  extended  re>•-o•d^^v 

5,  Derenstcate  the  c'crec  j 

time  or  at  a rapid  ma-e. 

technicue  c-'  chin-;.?? 

t.  "■^ne  tc'e»*a»*ces. 

stertinc  'ror  dead 

hana,  palms  towa-d  'ace  1 

Dositicr.  i 
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TABLE  2.  ALGORITHM  SYMBOLS  AND  MEANINGS 


Student 


Action 


Represents  student  responses, 
either  a>;  answer  cr  movement 
to  a new  block  in  the  flow. 


Sub-routine 


A special  sequence  of  events  not  | 
presented  in  the  flow,  such  as  I 
a oretpst.  j 


A file  of  rules,  exercises,  or 
student  scores;  any  of  these 
items  can  be  called  up  as 
required. 


o 

Reference 

Connector 


A technique  for  connecting  the 
student  action  lines  on  two  pages 
of  a flow  chart  (or  algorithm). 


A symbol  for  starting  a flow  or 
stopping  the  various  paths  of 
that  flow. 


>• 


or 

STOP 
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The  n learning  strategies  are  presented  in  the  remainder  of  this 
section.  They  appear  in  the  order  listed  in  table  1.  Since  each  strategy 
Is- defined  in  operational  terms,  it  may  at  tines  be  necessary  to  refer  to 
tvMe  1 and  the  glossary  for  clarification  of  key  words. 
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A.  RECALLING  BODIES  OF  KN0VLE06E 

This  category  enccrnip^ssr'  the  learning,  recognizing,  and  recalling 
of  the  verbal  informatio  ne  ued  to  function  in  an  operational  setting. 

It  includes  knowledge  of  equipment  nomenclature,  functions,  configurations, 
locations,  control  inputs,  output  displays,  and  the  complex  relationships 
between  inputs,  outputs,  and  possible  equipment  malfunctions.  Most 
academic  training  is  of  this  kind,  and  therefore  students  learning  these 
tasks  have  been  readily  accessible  as  subjects  for  investigators  studying 
the  learning  and  recall  of  verbal  information.  The  following  guidelines 
a It stclet'Jon  of  the  findings  of  this  research.  The  algorithm 
representin':  Lh?*?  Oi»IJG'!i''&s  is  presented  in  figure  1. 

1.  loninimii'.ate  c^jectivas  o'^  tra;,j:.ng  to  th-  r^udent  at  the 
bcrinnirg  of  the  traiviS,:p  perio  '. 

2.  the  learning  matoviul  to  •'leet  the  stated  objectives. 

Orgar'ze  ^jruund  ifjiportnnt  cue  components  (kc-v  '/f'-'ds,  formulas, 

or  phrases)  within  the  bod.v  of  facts  or  pi  iuc'pies. 

3.  Provide  some  wd-Tr-up  exercises  imrediattly  ^rior  to  testing 
^or  recalling  bodie?  of  Knowledge. 

V.  Mate  ler^'ning  tasks  relevant;  i.e.,  similar  to  real-life  tasks 
that  t»i£  stv 's»,t  will  te  performing  on  the  Job. 

5.  Compare  directly  the  names  or  other  data  that  are  similar,  or 
separate  their  presantt ;on  by  es  much  time  av  possible  to  avoid  confusion. 

6.  Hake  srre  the  students  can  ten  th , difference  between  two  or 
nrore  salient  cue*;  that-  are  difficult  to  distinguish  in  the  operational 
context  befoi^e  ssociatiro  each  with  -s  ro>ponse  during  training. 

7.  Usa  mnemonics  (associat; on  devices)  which  will  cause  an  affective 
reaction  the  student  to  aid  "ecail  dienever  possible. 

8.  lJ;^e  mnemonics  whirh  v;i  >l  ? ; in  the  association  of  the  cue  and 

! "Donse  terns  in  the  recall  of  or  principles.  Provide  directions 

'■’e  student  to  develop  his  ow  mnemonics  if  he  can  and  v/ants  to  dc 


9.  r.  for  features  jf  the  real-world  job  setting  to  be  used 

to  trigger  tht  ’ ■ ‘■’s  rec.-  .'1  of  associated  cues  which,  in  turn, 

call  to  mind  the  Ki..'  . ■^oe  ',.a  needs  to  perform  his  job. 


10.  Select  attsntion- 


'H  cues  tc  use  throughout  the  learning 


events.  Select  learnina  activitie,  '■at  require  student  invol ve“ent. 
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n.  Guide  (or  prompt)  the  student's  response,  especially  in  the 
early  phase  of  training.  Later  in  training,  remove  guides  to  match  the 
level  of  guides  (or  prompts)  in  the  operational  setting. 

12.  Arrange  for  practice  of  recalling  the  verbal  information  by 
providing  retrieval  tests  very  similar  to  the  tests  that  the  student 
will  encounter  in  the  operational  setting. 

13.  Require  the  student  to  make  an  overt  response  which  will  show 
his  recall  of  the  facts  or  principles  which,  in  turn,  will  enable  measure- 
ment of  his  response. 

14.  Arrange  for  knowledge  of  results  (KOR)  to  follow  both  correct 
and  incorrect  responses.  Also  arrange  for  positive  reinforcement  to  be 
interspersed  throughout  the  training  following  correct  recall  of  facts. 

15.  Schedule  KOR  to  be  presented  immediately  after  a response  for 
maximum  effect  of  KOR. 

16.  Change  the  order  of  presenting  facts  and  principles  during 
practice  so  that  each  item  in  the  list  of  information  will  be  learned 
equally  well. 

17.  Practice  should  be  distributed  (interspersed  with  rest  periods) 
during  training  periods  especially  with  (1)  the  learning  of  large  bodies 
of  facts  or  (2)  complex  information.  This  is  particularly  useful  with 
slow  learners. 

18.  Individualize  instruction  to  the  extent  possible.  In  order 
for  slow  learners  to  reach  the  same  criterion  as  fast  learners,  arrange 
for  slow  learners  to  have  a higher  total  number  of  reinforcef?.ents  of 
correct  responses  than  the  Vast  learners. 

19.  Arrange  for  the  student  to  compare  the  program’s  stated  objectives 
with  his  status  in  meeting  these  objectives  (use  periodically), 

20.  Test  to  determine  if  the  student  is  able  to  correctly  recall 
key  features  of  the  job  setting  which  serve  as  cues  to  him  in  recalling 
the  knowledge  he  needs  in  performing  his  job. 

21.  Prevfent  decay  of  recall  by: 

a.  Increasing  the  meaningfulne^  of  the  material  to  be  learned 
(relating  it  to  the  student's  operational  environment)  and  by  relating 
the  organized  facts  or  principles  to  each  other, 

b.  Requiring  the  student  to  overlearn  the  original  material 
:'ar  essential  procedure  to  reduce  forgetting). 


Present  similar 
cues  and 
compare;  test 
for 

discrimination. 


student 
discriminate? 
(require  overt 
V response)^ 


* (X)  Corresponds  to  guideline  number  for  this  Cask 


arning  Algorithir,  for  Recalling  Bodies  of  Knov/leonc 


n 


Select  flrst/ne^t 
fact  from  set 


Present  the  HAIIE  of  the  fact  in 
such  a way  that  it  is  associated 
with  KEY  WORDS  in  the  definition 
of  the  fact.  Associate  the  KEY 
WORDS  with  the  entire  definition. 

0 Use  mnemonics  for  difficult 
associations’. 

A Dse  noderate  emot i or. -1  a ie^ 
mnemonics  where  possihle. 

0 5^ct  attention-getting 

cues. 


(2)(?)(8) 


(9)00) 


Does  X, 
student 
want  to 
develop  own 
tfeemonics 


• • I 


Test  to  ers-jrf  that  the  dO'’S 
elicit  the  KE^  WCROj  and  tne 
k£v  .JORDS  do  el  1C iV 'all  the  wons 
used  in  defining  the  ‘lAiiE  of  th-.«  .act. 

^ Use  guides  and  rne-'onics 

if  necessary. ___ 

(8H9)m){l^  { 

W -eouire  overt  response 


Docs  N. 
y'  the  n.i;"c 
' elicit  the  Kfi 
;;ORDS  and  then  all 
\ words?  / 


i;r  P 

1 liT  eO' 

ate,  S 

•’cinforce 'Ont. 

(MHISI 

(1.8) 

'e'^t 

-Via  1 ) 

!.fiarnina 


Algorithm  for  Recalling  Bodies  of  Knowledge  icontinuad) 


1 


2 


Figure  1.  Learning  Algorithm  for  Recalling  Bodies  of  Knowledge  (continued) 


Pool  of  fact- 
oryaniaed  into 
sets 


Select  Item  fror.i  pool  for  practice  recall  in  response  to  a requirement  for; 
Ulstrlbuted  practice 
Jverlearnlng 

Unique  sequances  (random  order  of  presentation) 

Make  relevant  to  operational  task 

Cues  from  the  operational  setting  in  the  structure  of  the  Item 


(4)  (12) 


(16)  (17) 


Require  overt  response 
(13) 


ilo 


iiicord 
use  0- 
'jjidcs  jnJ 


(11) 


logic  'or* 

CfUerioM  .I'iS 
Met  * 


NOTC:  :>’hr.*r  in^uro  th.>t 

M2)  crUcrioo  i s jn 

OPPrjtionjl  ono,  50i'Ct‘’ 1 rg 
that  a student  ocrfci^'s 
( ooerationa ) setting.  Insure 
toat  student  uses  cues  fro"' 


3 

Yes 

1 

Provide 

reinforce- 

"icrt 

(H' 

3 

1 

state  reconr'endations  '’or  refresher  ;r,rninn; 

• Strategy  for  divtrlbuteil  practice 

• Criterion  test 

, d 

f 

O 
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B.  USING  VERBAL  INFORMATION 

This  task  category  involves  recalling  and  applying  previously 
learned  facts  and  principles  as  needed  in  a job  setting.  It  is  a compon- 
ent of  most  jobs.  In  tho  guidelines  for  this  task  category,  attention 
is  focused  on  increasing  the  transfer  of  learning  from  the  classroom  to 
the  job.  An  example  of  using  verbal  information  is  that  of  a radar 
operator  faced  with  a tactical  situation  where  a change  in  antenna 
search  mode  might  increase  the  probability  of  the  detection  of  an  expected 
target.  The  operator  recalls  the  various  modes  and  their  characteristics 
and  then  chooses  an  appropriate  mode.  This  Involves  the  application  of 
principles  and  concepts,  not  the  application  of  a fixed  decision  procedure. 

The  amount  of  empirical  data  which  supports  the  guidelines  for  the 
task  category  is  meager.  Not  much  research  has  been  accomplished  on  the 
application  of  knowledge  in  the  operational  setting.  Traditionally,  the 
emphasis  has  been  on  acquiring  knowledge  in  the  class»*oon  with  the 
assumption  that  if  one  has  previously  learned  the  knowledge  he  can 
easily  recall  and  apply  it  when  required  to  do  so  on  the  job.  But  this 
assumption  is  not  always  warranted.  Students  have  considerable  difficulty 
applying  in  the  operational  setting  that  which  they  learn  in  a rote 
fashion. 

The  following  guidelines  apply  to  using  verbal  information.  The 
algorithm  representing  these  guidelines  is  presented  in  figure  2. 

1.  Insure  that  previously  learned  verbal  information  is  organized 
into  generalizations,  unifying  concepts,  and  principles  to  promote 
transfer  as  the  first  step  in  training  how  to  use  verbal  information. 

2.  Give  the  learner  practice  in  applying  the  generalizations  and 
unifying  concepts  to  tasks  similar  to  those  in  the  operational  setting 
that  he  will  be  encountering. 

3.  Provide  knowledge  of  results  as  soon  as  the  learner  has  made 
his  application;  provide  reinforcement  for  his  correct  applications. 

4.  Require  that  practice  in  applying  the  principles  covers  the 
wide  variety  of  operational  situations  that  the  student  will  be  presented 
with  on  the  job. 

5.  Provide  examples  of  application',  of  more  abstract  principles  or 
generalizations  that  have  been  shown  to^le  difficult  to  apply  to  the 
operational  setting. 

6.  Reinforce  the  student  when  he  makes  practica'  applications  of 
verbal  information. 
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7.  Ensure  practice  until  the  student  achieves  job  entry  level  of 
skill. 

8.  Vary  both  the  context  of  salient  cues  and  the  principles  to  be 
applied  during  practice. 

9.  Provide  for  refresher  training  when  there  has  been  extended 
absence  from  the  task  or  where  such  training  is  indicated  by  performance 
on  the  job. 

10.  Give  job  sample  tests  ("dry  runs")  in  the  operational  setting 
occasionally  to  determine  need  for  refresher  training,  where  this  is 
practical  to  carry  out. 

11.  Provide  for  individual  training  at  student's  own  rate. 


rori  t'r 


Verb-al 


iformation 


Pool  of  Practical 
Exercises: 

• represent  each  of  the 
generalizations,  unifying 
concepts  or  principles. 

(t  represent  the  range  of 
on-the-job  situations 

• vary  the  setting 
of  examples 

• include  examples  of 
abstract  principles 
required  in  operational 
setting  - diffici It  to 

apply  principles. 


t Select  and  display 
first/next  problem 
from  pool 

(2) 

Overt  Response 


KOR 

(including  correct 
solutions) 


Logic  for  selecting 
probl ems : 

• for  any  principle,  :nove 
from  simple  to  complex 
problems 

• ensure  full  range  of  opera 
tional  situations  are 
selected 

• vary  the  order  of  problems 
in  terms  of  principles  and 
the  operational  settings. 


Mas  ^ 
student 
correct? 


Recycle  to 
similar  problem 


Practical 

solution? 


Emphasize  need  for 
practical  solutions. 


Reinforcement 


r'  Has  X 
criterion 
been  met? 


Criterion  Pcrfornanco 
(Operational  Cr-iterion) 

• range  of  oroblems 

• level  of  difficulty 

• degree  of  overlearning 


Reinforcement 


Recomrendations  for  scheduling  and 
performing  refresher  training 


(9)(10) 


Alaorithm  for  Uoinn  Verbal  Information  (continued) 
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C.  RULE  LEARNING  AND  USING 

This  category  of  job  task  concerns  the  acouisition  and  application 
of  established  practices  or  fixed  principles  (rules)  that  servo  as 
guides  in  selecting  courses  of  action.  These  rules  may  be  based  on 
current  practices  or  on  a knowledge  of  what  normally  happens  in  similar 
job  situations.  Rules  are  frequently  expressed  as  "if-then"  statements 
or  directives  not  to  be  questioned  by  the  user.  The  user  merely  concerns 
himself  with  whether  the  proper  rule  has  been  selected  and  is  being 
applied  correctly.  There  are  many  examples  of  rules  that  must  be  learned 
and  used.  Typical  examples  include  using  rules-of-the-road  in  guiding  a 
ship  through  inland  waterways,  solving  mathematical  problems  using  the 
rules  for  manipulating  numbers,  using  correct  protocol  in  displaying  the 
flag  in  a formal  ceremony,  applying  grammar  rules  in  writing  a sentence, 
ard  writing  a computer  program  according  to  the  rules  of_a  specific 
programming  language.  Although  rules  are  coirmonly  used  in  selecting 
courses  of  action,  limited  research  has  been  performed  on  learning  to 
apply  rules.  The  learning  guidelines  are  based  on  the  available  research 
and  general  learning  principles,  where  appropriate. 

Guidelines  for  rule  learning  and 'using  are  listed  below.  The 
algorithm  representing  these  guidelines  is  presented  in  figure  3. 

1.  Insure  that  the  individual  words  which  comprise  the  rule  are 
understood  before  proceeding  to  rule  learning. 

2.  Require  that  the  student  state  the  rule  verbally.  This 
verbal  statement  of  the  rule  serves  to  cue  the  recall  of  the  concepts 
that  make  up  the  rule  and  their  arrangement  within  the  rule  (this  usually 
should  be  an  informal  statement  of  the  rule). 

3.  Present  examples  showing  when  the  rule  applies  and  when  it 
does  not. 

4.  Use  mnemonics  (where  possible)  in  the  learning  of  difficult  to 
recall  rules  and  the  application  of  these  rules.  Use  cues  from  the 
operational  setting  in  the  mnemonics  to  facilitate  the  recall  of  the 
mnemonics. 

5.  Give  the  learner  an  opportunity  to  apply  the  rule  in  new 
situations  and  give  knowledge  of  results  following  each  application. 
Provide  reinforcement  for  correct  applications  of  the  rule. 

G.  Test  the  learner  by  requiri^ig  him  to  state  the  relationships 
among  the  concepts  in  new  situations  to  insure  that  he  understands  the 
rule. 


7.  Provide  practice  in  applying  the  rules  until  the  student  achieves 
some  stated  criterion  performance;  i.e.,  until  he  learns  the  rules  and 
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learns  to  apply  the  rules  across  the  range  of  situations  he  will  find  in 
the  operational  job  setting. 

8.  Reduce  the  frequency  of  reinforcement  of  correct  applications 
at  the  end  of  training  to  a level* that  exists  in  his  job  setting. 

9.  Relate  the  rules  to  be  learned  to  the  operational  job  setting 
in  order  to  provide  motivation  for  rule  learning. 

10.  Provide  for  (1)  individualized  learning  to  allow  for  individual 
differences  in  learning  and  (2)  periodic  refresher  training  when  the 
student  has  had  an  extended  absence  from  performing  the  job. 

11.  Guide  the  student  to  discover  a useful  rule  by  having  him 
respond  to  a sequence  of  leading  questions,  if  the  student  is  having  a 
difficult  time  understanding  and  applying  a rule. 

12.  Arrange  for  slow  learners  to  have  a higher  tot?'  number  of 
reinforcements  of  correct  responses  than  the  fast  learners. 


V 


o 


Present  status  of  student 


T 

A. 


Select  and  display 
first/next  practical 
probletn  on  any  rule  in 
the  pool . Student 
recalls  correct  role 
and  applies  it. 


\ 


Selection  criteria: 

Select  proolens  for  each 
rule  fron.  a job  example.  \ 

For  each  rule  sample  from  \ 
range  of  easy  tc  difficuli  \ 
problems.  \ 

Continue  to  sample  data  on  / 
rules  until  “X"  consecutive-  / 
ly  correct  answer  ere  ob-  / 
ta1n«fd  for  a specific  ru'e  / 
at  the  required  difficulty  / 
level  to  match  ine  j 

operational  setting.  j 


Reinforccrent  grad- 
ually reduced  to 
level  that  exists  on 
the  job. 


ling  Algo'-ithm  for  Rule  Learning  and  Using  (continued) 
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D.  MAKING  DECISIONS 

Decision  making  is  defined  here  as  the  application  of  a specific 
decision  model,  thought  to  be  useful  in  diagnosing  equipment  malfunctions, 
choosing  tactics  in  Fleet  operations,  and  in  planning  where  several 
alternatives  must  be  considered,  each  with  an  unknown  probability  of 
success.  The  decision  model  combines  the  following  factors;  perception 
of  the  problem,  identification  of  alternative  solutions,  evaluation  of 
these  aUernatives  and  selection  of  the  apparent  best  solutions.  There- 
fore, the  guidelines  and  algorithm  presented  here  support  learning  to 
use  this  decision  model. 

The  decision-making  guidelines  presented  here  are  based  upon  the 
most  fashionable  practices  in  existing  decision-making  training  programs. 

The  following  guidelines  apply  to  decision  making  training.  The 
algorithm  representing  these  guidelines  is  presented  in  figure  4. 

1.  Ensure  that  the  student  acquires  the  knowledge  required  to: 

a.  identify  the  problem, 

b.  generate  reasonable  solutions, 

c.  evaluate  these  solutions. 

2.  Decrease  student  anxiety  to  a low  level,  particularly  in  the 
early  stages  of  training,  where  student  anxiety  is  high  and  where  complex 
decisions  are  to  be  made. 

3.  Give  the  student  examples  of  these  two  types  of  actions  which 
are  tc  be  avoided  when  making  a decisicn: 

a.  The  tendency  to  make  a "favorite"  decision  or  use  a 
"favorite"  solution  regardless  of  the  real  nature  of  the  problem. 

b.  The  tendency  to  generalize  problems  or  view  several  types 

of  problems  as  if  they  were  all  the  same  when,  in  fact,  they  are  quite 
different. 

Give  examples  of  these  undesirable  responses  in  decisicn  making. 

4.  Teach  a decision-making  strategy;  the  following  strategy  is 
suggested: 


a.  Upon  becoming  aware  of  the  problem,  define  it. 

b.  Be  alert  for  the  availability  of  relevant  information  and 
collect  such  data. 


32 


TAE6  Report  No.  23 


c.  Develop  alternative  so]utions. 

(1)  State  alternative  solutions, 

(2)  Combine  alternative  solutions, 

(3)  Compare  alternative  solutions. 

d.  Ev’'luate  alternative  solutions. 

(1)  List  the  probable  consequences  of  each  alternative 

solution, 

(2)  Rank  each  alternative  solution  according  to  desir- 
ability of  consequences. 

e.  Choose  course  of  action  based  on  a desired  solution. 

f.  Execute  the  chosen  course  of  action. 

5.  Vary  the  setting  of  the  significant  cues  of  the  decision- 
making learning  task.  Provide  both  basic  and  advanced  problems  to  be 
solved  with  a wide  range  of  problem  difficulty  at  each  level  of  training 
for  the  operational  tasks. 

6.  Insure  the  overlearning  of  decision-making  skills  in  later 
stages  of  training  if  the  student  will  be  required  to  perform  under 
stress  in  the  real  world. 

7.  Present  the  student  with  a realistic  data  load  (i.e.,  realistic 
amount  of  significant  data)  plus  operational  distractors  in  real  time 
toward  the  end  of  training. 

8.  Provide  the  student  with  access  to  potentially  relevant  data 
during  practice.  In  the  final  stage  of  training,  the  data  available  to 
him  should  be  limited  to  that  expected  in  the  real  world  situations  in 
which  he  will  be  working. 

9.  Provide  the  student  with  answers  to  the  five  following  questions 
after  his  decisions  in  practice  problems.  These  answers  serve  as  knowl- 
edge of  results  (KOR). 

a.  Predictability?  (VJere  problems  mistakenly  viewed  as  if 
they  were  all  the  same  in  reaching  sol^utions?) 

b.  Persistence?  (Was  use  made  of  a "favorite"  solution  when 
it  v/as  inappropriate?) 

c.  Timeliness?  (Was  this  the  appropriate  time  to  execute 
this  particular  decision?) 
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d.  Completeness?  (Was  all  of  the  available  information 
considered?) 

e.  Consistency?  (Was  the  solution  compatible  and  relevant  to 
the  available  information?) 


Give  KOR  with  respect  to  the  above  five  criteria  each  time  the  student 
makes  a decision  and,  if  possible,  provide  the  simulated  consequences  of 
the  decision  as  compared  to  alternative  solutions. 


th' 


Direct  student  to 
select  BEST  solution. 


K03  - 

Anticipeted 
othe^  than 
best  solution 


ho-natch  - 
feedback  .md 
directions 


Critique  problem,  Give  feedback  in  terms  of  5 criteria  for 
choosino  best  solution,  and  ocssibie  consecuenc"s.  Analyse 
student  action  In  tems  of:  predictabn  Ity,  persistence, 
liveliness,  conpleteness.  and  consislercy. 


Let  student  out  of  loop  \ 

when  he;  ’ 

• chooses  not  to  use 

Innedlate  KOR 

• correctly  solves  oroblems  of 

the  designated  difficulty. 

Data  available  ot  this  stage 
of  training  should  be 
United  to  that  expected  In 
the  real  world  situations  in 
which  the  student  will  be 
uorking. 

• satisfies  the  overall  criteria 

fu.-  decision  strategy 

• satisfies  overlearning 

criteria  / 

Ts'  (5)  (71  (8) 


r t'as  > 

criterion 
terforrance  been 
achieved? 


ir'crcCT^fi^ 


,?3rning  Alqcrit^'^  "or  Making  Decisions  (continued) 
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E.  DETECTING 

This  task  concerns  the  act  of  becoming  alert  to  the  presence  of  a 
signal  that  could  be  of  special  interest  in  the  performance  of  a job  or 
mission.  Detecting  is  essentially  a matter  of  becoming  aware  of  certain 
cues,  including  those  almost  hidden  in  distracting  backgrounds,  and  it 
stops  short  of  verifying  the  nature  of  the  signals.  In  many  practical 
situations  after  a signal  Is  detected  it  is  immediately  classified.  The 
early  detection  of  targets  is  usually  a significant  part  of  any  tactical 
task.  Examples  include  an  operator  becoming  alert  to  the  presence  of 
targets  on  a radar  or  sonar  display,  a mechanic  becoming  alert  to  slight 
changes  in  the  functioning  of  a piece  of  equipment  signaling  an  emeiging 
malfunction,  and  a pilot  visually  scanning  through  the  wirdow  of  his 
aircraft  and  spotting  another  aircraft  sharing  his  airspace.  In  these 
detection  tasks,  involving  long  period^  of  time  between  the  appearance 
of  significant  signals,  maintaining  vigilance  is  an  important  part  of 
performance. 

The  following  guidelines  apply  to  detecting.  The  algorithm  reoresent- 
ing  these  guidelines  is  presented  in  figure  5. 

1.  Train  the  student  to  use  systematic  overall  search  procedures 
utilizing  his  appropriate  senses.  Use  models  of  correct  behavior,  where 
needed. 


2.  Present  signals  from  the  full  range  of  types  of  signals. 
Include  the  various  signal  sources  that  the  student  will  encounter  on 
the  job  and  the  different  patterns  of  each  signal  source. 

3.  Train  the  student  to  use  techniques  of  vigilance  to: 

a.  establish  a mental  set  to  search.  Use  instructions  to 
establish  this  set  and  reinforce  the  student  when  he  achieves  a proper 
set. 


b.  constantly  monitor  internal  biological  cues  in  order  to 
determine  own  vigilance  level  {state  of  alertness). 

c.  use,  where  appropriate,  peripheral  vision  in  scanning; 
i-e.,  to  rely  on  detections  made  from  the  side  of  direct  line  of  sight. 

4.  Train  the  student  in  detection  skills  according  to  the  following 
schedule: 

a.  Early  in  training  use: 

(1)  high  signal  density  - more  frequent  than  in  the 

operational  task. 
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(2)  signals  that  have  a high  signal-to-noise  ratio, 

(3)  different  amounts  of  time  between  signal  presentations, 

(4)  high  response  rate  from  the  learner, 

(5)  immediate  and  continuous  knowledge  of  results  (KOR), 

(6)  reward  for  responding  to  any  real  signal. 

b.  During  the  intermediate  stage  of  training  use: 

(1)  a lower  signal  density, 

(2)  lower  signal-to-rioise  ratios, 

(3)  different  amounts  of  time  between  signal  presentations, 

(4)  KOR  on  an  intermittent  time  schedule, 

(5)  specific  vigilance  techniques;  i.e.,  mental  set  to 
search  and  monitor  internal  cues  to  state  of  alertness. 

(6)  intermittent  reward  for  responding  to  real  signals, 

c.  In  advanced  state  of  training  use: 

(1)  low  signal  density;  i.e.,  operational  density  or 
minimum  number  suited  to  training  program, 

(2)  a signal-to-noise  ratio  comparable  to  the  operational 

level , 

(3)  signals  presented  within  different  time  intervals, 

(4)  KOR  on  a schedule  equivalent  to  that  found  in  the 
job  setting  (describe  realistic  consequences  for  signals  missed), 

(5)  vigilance  techniques  which  are  appropriate  to  the 

job  setting, 

(6)  operational  level  of  reward  following  correct  detection. 

5.  Train  the  student  to  use  a cue  detected  by  one  sense  (such  as 
hearing)  as  a stimulus  to  search  for  and  detect  the  existence  of  a 
related  cue  in  a second  sense  (such  as  sight)  where  it  is  possible  to 
detect  a target  by  more  than  one  sense. 
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6.  Present  the  student  with  his  status;  i.e.,  progress  towards 
meeting  the  training  program  objectives.  Reward  him  for  progress 
tOMard  these  goal s . 

7.  Individualize  training.  Keep  student  practicing  at  each  phase 
(or  level)  of  the  learning  task  until  the  required  level  (or  mastery)  of 
the  job  performance  is  achieved. 
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Pool  of  Signals 
Include: 

• different  signal 
sources  experienced 
on-the-job 

• different  patterns 
representing  each 
signal  source 

• realistic  range  of 
signal  to  noise 
ratios  for  each 
type  of  signal 


Directions  for  Detection  Drill 
—Early  in  Training 


Present 
first/ next 
signal 


Student  attenpts  to 
detect  within  tir» 
limits 


KOR 

(Reinforce  only  If 
correct) 


Programing  Logic:  \ 

Detection  DrlH  \ 

Early  In  Training  \ 

High  signal  density  \ 

iiigh  signal  to  noise  ratic'^ 

Repeat  sas?e  signal  source 
until  criterion  performance 
ii  achieved 

Variable  Interval  / 

schedule  for  signal  / 

presentation  j 

• Iirrsediate  KOR  / 

• reward  for  correct  / 
detections  and  any  / 
real  signal  / 


Criterion  for  Detection 
Drill  - Early  In  Training 


Detected? 


• "X"  probability  of  detection 

• "Y"  false  detection  rate 

• Detection  within  tiire  Units 

• ose  second  sense  modality, 
if  appropriate 


Has 

criterion 

been  achieve-d’ 


(5)  (7) 


9 Present  student  with  his  status 
progress  tcward  cb.iectives 
• Reinforcen.ent 


Learning  Algorithm  for  Detecting  (continued) 


le 


/ Pool  of  Signals  \ 

' Include:  \ 

^ different  signal  sources  \ 

experienced  on-the-Job  * 

• different  patterns  represent- 
ing each  signal  source 

• realistic  range  of  i 

signal-to-nolse  ratios  / 

for  each  type  of  signal  / 


(?) («b) 


Directions  for 
Detection  Drill — 
Interciediate  Stage 
of  Training 


Presert 

first/iiext  signal 


Student  per- 
forms task 


(Variable  Interval) 
HW 

(Reinfbrce  only 
if  correct) 


frograntni ng  Logic: 

Detection  Drlll'-Internediate 
Stage  of  Training 

^ lower  signal  density 

• include  lower  signal  to 
noise  ratios 

A signals  presented  on  a 
variable  Interval  schedule 

^ .:0P  presented  on  a variable- 
interval  schedule 

0 reguire  vigilance  techniques 

0»ix  signal  oattems  and 
sources 

I ♦ lnter*Utently  reward 

\ responding  to  any  real 

\ signal 


Kext 

signal 


Detected? 


/Criterion  f<r  Detection  \ 

Drill  - Intennediato  Stage  ^ 
of  Training 

Required; 

• "X"  probability  of  detection 
0 "Y"  false  detection  rate 
0 Detection  within  time  Units 
y • jse  second  sense  modality,  , 
V if  appropriate  f 


Has 

criterion 

been 

met? 


0 Present  Studen;  with  his  Status- 
Progress  t'Xard  Objectives 

• Reinforcement 


Dsteci:'i':g  {continued} 


j Pool  of  Signals  ^ 

Include: 

• different  signal  sources 
experienced  dn-the-Job 

• different  patterns  represent- 
ing each  slgn'il  source 

• realistic  range  of  slgnal- 
to-nolse  ratios  for  each 
type  of  signal 


Student  per- 
forms task 


Realistically  Scheduled 
KOR  • 

(Reinforce  only 
If  correct) 


/Progrannlng  Logic:  \ 

Detection  Drill — Advanced  \ 

Stage  of  Training  1 

• low  signal  density  (operational 
density  or  minimum  number 
suited  for  training) 

0 decrease  signal -to-noise  ratio 
to  operational  level 

• present  signals  according  to  a 
viriablfc  interval  schedule 

• schedule  KOR  equivalent  to 
operational  setting. 

• require  vigilance  techniques 
I appropriate  to  the  job  setting 

\#  randomize  signal  patterns  / 
\ and  sources  / 


Criterion  for  Detection 
Drill  — Advanced  Stage 
of  Training 


Detected? 


Next 

signal 


• "X"  probability  of  detection 

• "V"  false  detection  rate 

• Detection  witMn  time  limits 

• Use  second  sense  modality,  if 

appropriate  y 


’(as 

criterion 
been  met? 
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F.  CLASSIFYING 

This  task  involves  assigning  a nair«  to  detected  signals  based  on 
identifiable  characteristics.  Classifying  frequently  follows  immediately 
after  detecting  in  the  operational  setting  as  if  the  two  were  a single 
event,  although  the  two  processes  are  fundamentally  different.  Classify- 
ing is  closely  related  to  the  forming  of  concepts  which  has  been  extensively 
studied.  In  fact,  to  a large  extent,  the  principles  of  learning  which  are 
applicable  to  concept  formation  also  apply  to  classifying.  Example‘s  of 
classifying  in  operational  tasks  include  labeling  a sonar  signal  as 
"submarine"  or  "nonsubmarine,"  naming  an  approaching  aircraft  v,hen  the 
distinguishing  features  become  visible,  and  determining  that  an  increasingly 
louder  "grinding"  noise  Is  a bearing  starting  to  disintegrate. 

The  following  guidelines  apply  to  classifying.  The  algorithm 
representing  these  guidelines  is  presented  in  figure  6. 

1.  State  clearly  the  behaviorial  objectives  to  be  achieved  by  the 
student.  Organize  learning  material  around  critical  cues  (distinguishing 
features  of  the  objects)  to  achieve  this  desired  behavior.  Relate  the 
objectives  to  the  student's  future  real-world  assignments. 

2.  Train  the  student  to  properly  differentiate  features  to  be 
used  in  classifying.^  Make  sure  the  student  can  observe  the  differences 
between  closely  related  features  if  these  differences  are  important  in 
the  classification  task.  (As  an  example,  properly  identify  blue  and 
blue-green  as  being  different  colors.) 

3.  Train  the  student  to  recognize  the  features  of  a pattern  (cue)  that 
distinguish  this  pattern  from  other  patterns.  Use  cues  that  will  be 
present  in  the  student's  job. 

4.  Emphasize  distinctive  cues  which  can  be  remenbered  in  the  form 
of  mental  pictures  instead  of  abstract  words.  Teach  the  student  to 
transform  the  distinctive  features  of  cues  into  terms  that  he  can  readily 
recall . 

5.  Present  examples  of  various  classes  in  a single  exercise. 

Towards  the  end  of  training,  present  examples  of  classes  that  appear 
very  similar  in  the  operational  setting. 

6.  Minimize  the  number  of  irrelevant  cues  in  the  early  stages  of 

learning.  Towards  the  end  of  training,  increase  the  number  of  irrelevant 
cues  to  a maximum;  i.e.,  corresponding  to  the  real-life  situation  of  the 
job.  '' 


/ . 

I 


tiny; 


Reinforce  frequently  in  the  early  sta 
v)ii.  Reinforce  less  often  (or  some  lev 
towards  the  end  of  training. 


ges  of  earning  pattern 
ol  as  the  operational 
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8.  Ensure  that  the  student  practices  making  correct  identifications 
of  the  test  objects - 

9.  Frjvide  immediate  knowledge  of  results  (KOR)  to  insure  correct 
terminal  perfomance. 

10.  " Provide  a pause  following  KOR  (e.g.,  4-12  sec.)  that  is  much 
longer  than  the  pause  between  the  response  and  KOR  (e.g.,  h sec.).  This 
pause  provides  time  for  the  student  to  sort  out  errors  and  to  identify 
salient  cues  of  the  pattern. 

11,  Sample  from  the  extremes  of  the  full  range  of  examples  of 
puHerns  produced  by  a given  object.  Make  the  examples  more  similar  as 
trc  ..ling  progresses.  At  the  end  of  training,  the  similarities  In  the 
examples  should  represent  the  similarities  that  exist  in  the  real 
world. 


12,  Provide  a variety  of  examples  of  the  pattern.  Select  examples 
to  sample  the  full  range  of  variations  in  the  pattern.  Late  in  the 
learning  stage,  build  in  distractors  equivalent  to  those  found  in  the 
operational  setting. 

13.  Provide  self-paced  training  that  can  be  adapted  to  the  individual 
student's  needs.  Both  rate  and  level  of  learning  depend  upon  characteris- 
tics of  the  individual  student. 

14.  Arrange  for  slow  learners  to  have  a higher  number  of  reinforce- 
ments of  correct  responses  than  the  fast  learners. 

15.  Insure  the  developront  of  a strong  tendency  for  the  student  to 
look  for  certain  critical  and  distinctive  cue  patterns  found  in  opera- 
tional tasks. 

16.  Require  (where  possible)  the  learner  to  correctly  identify  or 

cite  new  items  as  examples  in  each  classification  category. 

* 

17.  Prevent  decay  of  recall  by  (1)  requiring  the  student  to  overlearn 
the  original  material  and  (2)  ensuring  periodic  refresher  training. 
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6.  IDENTIFYING  SYMBOLS 

This  category  deals  with  recognizing  and  interpreting  graphic 
characters  such  as  those  used  in  engineering  drawings^  niaps,  and  status 
boards.  Syir*ols  serve  as  a brief  code  »diich  must  be  decoded  by  the 
user.  Most  syn*ols  have  low  neaningfulness  to  the  untrained  person. 

Symbol  recognition  is  related  to  paired-associate  learning,  which  has 
been  the  object  of  extensive  research.  The  research  literature  support- 
ing the  guidelines  for  identifying  syn^ols  is  considerable. 

The  guidelines  for  identifying  syn^ls  follow.  The  algorithra 
representing  these  guidelines  is  presented  in  figure  7. 

1.  Relate  training  clearly  to  n«aningful  and  job  related  tasks. 

2.  Show  differences  between  similar  individual  features  of  symbols. 
Do  this  before  associating  these  symbols  with  identification  responses. 

3.  Break  up  the  total  list  of  symbols  into  smaller  sets  when  any 
of  the  following  conditions  exist: 

a.  A long  list  of  symbols  is  to  be  learned, 

b.  Material  is  complex  for  students. 

The  size  of  the  set  for  each  student  should  vary  according  to  how  much 
each  of  the  factors  d^arts  from  the  normal  situation  for  each  condition. 

4.  Present  the  associate  it©n  (or  meaning)  immediately  after  the 
symbol  in  time  as  the  basis  for  this  kind  of  training. 

5.  Randomize  the  order  of  the  presentation  of  the  symbols  to  the 
student  so  that  all  symbols  will  be  learned  equally  well. 

6.  Use  mnemonics  (associating  recall  of  symbols  with  imagery, 
rhymes  or  rhythms)  for  difficult  to  recall  symbols.  Provide  mnemonics 
which  will  cause  an  affective  reaction  in  the  student.  Also  provide 
directions  for  the  student  to  develop  his  wn  mnemonics. 


7.  Allow  for  self-paced  practice  with  knowledge  cf  results  (KOR). 


the 


8.  Prevent  decay  c.'  recall  by  (1)  requiring  the  student  to  overlearn 
ov'iginal  associations  and  (2)  ensuring  periodic  refresher  training. 


9.  Test  for  correct  identification  of  sy^be's 
performance  by  the  student.  . 


by  measuring  eve: 
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10.  Provide  self-paced  training  that  can  be  adapted  to  the  individual 
student's  needs.  Both  rate  and  level  of  learning  depend  upon  the  character- 
istics of  the  individual  student. 

11.  Use  Innedlate  KOR  and  frequent  reinforcenent  in  the  early 
stages  of  training.  In  later  stages  of  training,  match  the  KOR  aud 
reinforcement  levels  that  exist  In  the  operational  setting. 
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H.  VOICE  COfHJNICATING 


Voice  communication  is  used  here  to  inean  a conversation  between 
people  in  which  standardized  message  formats  are  employed.  A person  has 
typically  been  overtrained  in  speaking  and  listening  as  a part  of  every 
day  living.  Certain  conversation  patterns  must  be  changed  in  order  to 
effectively  comnujnicate  within  the  military  tactical  environment.  In 
this  setting,  messages  must  be  brief  and  have  a single  meaning.  The 
timing  of  when  to  pass  the  essential  information  is  frequently  critical. 
The  task  may  be  made  more  difficult  due  to  the  presence  of  background 
noise  and  other  conversations  on  the  communication  circuit,  n.-rity  c' 
enunciation  is  important.  Most  of  the  guidelines  are  based  upon  general 
learning  principles.  In  addition,  principles  identified  through  analysis 
of  voice  communicating  are  used. 

The  following  guidelines  are  presented  for  voice  communicating. 

The  algorithm  representing  these  guidelines  is  presented  in  figure  8. 

1.  Present  objectives  of  the  learning  program  to  the  student. 
Organize  material  around  objectives.  Relate  material  to  the  operational 
setting  of  voice  communication. 


2.  Present  a brief  overview  of  the  learning  program. 

3.  Break  up  the  material  into  discrete  voice  communication  categories 
that  frequently  occur  in  the  job  setting. 

4.  Identify  similar  cues  (usually  auditory)  that  frequently  are 
confused  in  voice  communication  tasks  and  test  the  student  to  see  if  he 
can  discriminate  among  them. 

5.  Point  out  critical  cues  and  responses  that  are  different  from 
the  student's  habitual  ("everyday"  type)  voice  communication. 

6.  Teach  the  student  to  anticipate  certain  messages  in  a given 
operational  setting  - listen  for  certain  words. 

7.  Teach  voice  conmuni cation  procedures  and  terminology  in  general 
using  Recalling  Bodies  of  Knowledge  Guidelines  before  oresenting  a 
demonstration  of  each  specific  procedure. 


8.  Demonstrate  each  voice  procedure  with  a model  performance; 
insure  that  the  student  observes  the  critical  cues  and  responses  in  the 
model's  demonstration. 


9.  Req".'’'*'e  the  student  to  practice  until 
correct  performance.  Have  him  concentrate  his 
finds  difficult. 


he  demonstrates  the 
practice  on  the  parts 


he 
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10.  Give  specific  knowledge  of  results  with  each  performance  of 
the  student:  reinforce  correct  segments  of  performance. 

n.  Provide  rest  periods  at  Intervals  within  the  training  period. 

12.  Increase  distractors,  and  stress  conditions  equal  to  that  1n 
the  operational  setting  during* the  later  stages  voice  communication 
training. 


13.  Practice  voice  communication  procedures  to  the  same. skill 
level  that  will  be  required  In  the  operational  setting. 

14.  Require  student  to  overlearn  correct  voice  communication 
procedures  so  that  he  can  perform  them  correctly  in  a distracting, 
stressful  envlroiwnental  setting. 

15.  Reinforce  the  student  for  nweting  the  overlearning  and  opera 
tional  performance  criteria. 

16.  Insure  periodic  refresher  training  where  It  Is  Indicated  by 
the  performance  of  the  person  on  the  Job. 
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I.  RECALLING  PROCEDURES  AND  POSITIONING  MOVEMENT 

This  task  category  combines  two  quite  different  kinds  of  tasks. 
Recalling  procedures  is  basically  a mental  skill,  whereas  positioning 
moventcnt  is  a physical  skill.  They  are  combined  in  these  guidelines 
since  they  often  occur  together  in  the  operational  setting.  They  concern 
carrying  out  routinized  activity,  executed  as  standard  operating  procedures 
in  smne  predetermined  sequence.  Relatively  little  judgment  and  analysis 
are  required  and  a minimum  of  alternative  behavior  is  involved.  Controls 
are  manipulated  in  an  identifiable  procedural  sequence.  Motor  movements 
for  control  positioning  are,  at  the  outset,  within  the  response  repertoire 
of  the  student;  therefore,  the  eimphasis  is  placed  on  recalling  the 
sequential  procedures  and  on  the  accuracy  of  the  positioning  movements. 

An  exan^le  is  the  checkout  of  a piece  of  communication  equifxnent  using  a 
checklist  to  determine  if  the  equipment  is  operating  within  acceptable 
tolerances.  These  types  of  tasks  are  corcmo.n  and  have  often  been  studied 
with  the  goal  of  improving  training  efficiency. 

Guidelines  for  this  behavior  a.'e  listed  below.  The  algorithm 
representing  these  guidelines  is  presented  in  figure  9. 

1.  State  clearly  the  behavioral  objectives  to  be  achieved. 

Describe  how  the  learning  materials  are  organized  tn  achieve  this  desired 
behavior.  Relate  the  objectives  to  the  student’s  future  real-world 
assignments. 

2.  Break  the  positioning  movement  task  into  appropriate  parts  and 
provide  subdivisions  of  organization  for  each  procedure. 


3.  Divide  the  procedural  steps  into  small  parts  if  any  of  the 
following  conditions  exist: 


a.  Students  are  of  low  ability, 

b.  The  procedures  are  complex, 

c.  The  entire  procedure  is  lengthy. 


4.  Present  a demonstration  of  each  task  perfomance  {a  positioning 
response  to  a checklist  cue)  on  an  observable  model. 


5.  Show  checklist  cues  and  reouire  the  student  to  explain  differences 
in  similar  cues  that  serve  as  association  devices  for  different  procedures 
that  have  been  confused  in  the  past. 


6. 
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7.  Use  ronewonics  (associating  procedural  steps  with  imagery, 
rhynes,  or  rhythms)  to  aid  in  recalling  difficult  to  renr<enrt>er  steps. 

Provide  directions  for  the  student  to  develop  hi j own  mnemonics  where  he 
is  able  and  willing  to  do  it. 

8.  Direct  the  student  to  practice  the  following  sequence  of 
events  to  help  him  remember  a chain  of  procedures. 

a.  When  presented  with  each  checklist  item,  explain  (or 
perform)  its  corresponding  procedural  step. 

b.  Then  when  presented  with  a group  of  checklist  items  (as 

many  as  the  student  can  handle  at  once)  explain  or  perform  their  correspond- 
ing procedural  steps.  The  f^rst  Item  of  each  group  should  overlap  the 

last  Itea  of  the  previously  studied  group  of  steps. 

c.  Then  when  presented  with  a single  11st  of  al’  of  the 
check! i si  items  in  the  entire  procedure,  explain  (or  perform)  their 
corresponding  procedural  steps. 

9.  Encourage  students  to  mentally  rehearse  the  procedures  called 
for  by  the  steps  in  the  checklist  using  mne~onics  to  aid  in  the  recall 
of  these  procedures. 

10.  Ensure  extensive  practice  early  in  the  training  by  requiring 
the  learner  to: 

a.  Understand  the  objectlve(s), 

b.  Observe  the  skilled  performance  of  a model, 

c.  Strengthen  the  individual  (or  component)  steps  of  the 
desired  movement  by  practicing  these  steps,  obtaining  knowledge  of 
results  (KOR)  and  by  correcting  performance  errors. 

d.  Integrate  the  steps  into  a smooth  sequence  of  positioning 
movements  by  practicing  the  sequence  of  steos. 

11.  Provide  the  following  conditions  for  corresponding  stages  of 
training: 


a.  Early  in  training  use: 

(1)  immediate  and  frequent  KOR, 

(2)  iimediate  and  frequent  reinforcement, 

(3)  little  or  no  operational  distractors. 
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(4)  learning  material  broken-doim  Into  small,  easily 

learned  parts, 

(5)  Iteae  required  to  be  learned  which  are  relatively 
easy  to  acquire, 

(6)  guiding  or  prompting  of  responses. 

b.  Late  In  training: 

(1)  use  delayed  and  Infrequent  iCOR, 

(2)  use  delayed  and  Infrequertt  reinforcement, 

(3)  increase  distractors  to  operational  level, 

i/,)  a given  procedure  will  be  required  to  be  recalled 

(or  performed)  In  response  to  the  s«te  cues  as  on  the  job. 

(5)  the  level  of  cou^lexlty  of  the  procedural  cues  and 
distractor  cues  should  be  the  same  as  on  the  job.  Ado  stressful  conditions 
equivalent  to  that  In  the  operational  setting, 

(8)  eliminate  guides  or  prompts  (other  than  those  provided 
In  the  operational  setting). 

12.  Make  the  time  Interval  following  KOR  much  longer  than  the  time 
interval  between  the  response  and  ROR,  to  provide  time  for  the  student 
to  sort  out  errors. 

13.  Identify  features  of  the  operational  environment  which  could 
be  used  as  mediators  to  trigger  the  student's  recall  of  checklist  items. 

14.  Practice  should  be  distributed;  i.e.,  the  timing  o^  rest 
periods  should  be  determined  by: 

a.  need  for  rest  as  judged  by  the  student. 

b.  requirements  of  the  specific  learning  material  as  judged 
by  the  instructor. 

15.  Arrange  for  extensive  repetition  (overlearning)  by  the  student 
to  take  advantage  of  the  internal  feedback  properties  generated  by 
performing  these  ^ypes  of  tasks  (positfcninc  movement)  accompanied  by 
external  feedback.  Simple  repetitive  movements  may  become  reinforcing; 
i.e.,  the  student  experiences  feelings  in  muscle  and  joints  which  he 
identifies  as  cues  that  he  is  Derforr.inq  the  task  correctly. 
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16.  Arrange  for  slow  learners  to  have  a higher  number  of  reinforce- 
ments of  correct  responses  than  the  fast  learners. 

17.  Maximize  the  realism  of  checklist  items  and  their  corresponding 
procedural  responses. 

18.  Arrange  for  the  student  to  compare  the  program  objectives  vnth 
his  current  status  In  meeting  these  objectives  (use  periodically). 

19.  Train  the  student  to  the  operational  criterion;  i.e.,  insure 
that  acquisition  of  the  procedural  material  will  be  to  the  level  of 
performance  required  for  on-the-job  duties. 

20.  Prevent,  decay  of  recall  by  providing  periodic  refresher  training 
for  Infrequently  used  procedures. 
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J.  GUIDING  AND  STEERING,  CONTINUOUS  MOVEMENT 

This  type  of  task  concerns  continuous  physical  response  to  a 
constantly  moving  visual  reference.  Frequently  it  involves  controlling 
the  path  of  a moving  vehicle.  Examples  include  maneuvering  an  automobile 
dov/n  a road,  visually  aiming  weapons  during  air-to-air  combat,  holding  a 
ship  on  course  using  a gyro  compass.  Many  military  jobs  involve  this 
type  of  behavior.  Because  of  the  high  cost  of  vehicle  control  training 
performed  on  the  operational  systems,  how  best  to  train  this  type  of 
behavior  has  been  carefully  studied.  Proprioceptive  stimulation  arising 
in  the  muscles,  tendons,  and  joints  is  normally  present  and  is  one  of 
the  primary  sources  of  information  used  in  controlling  the  force,  extent, 
and  duration  of  a movement.  Perceptual  discrimination  skills  are  involved, 
including  the  detection  of  relevant  cues  (via  sight,  hearing,  touch, 
etc.).  Models  of  correct  behavior  are  usually  used  in  the  training  of 
this  task.  They  serve  as  guides  and  criteria  against  which  to  evaluate 
one's  own  behavior.  These  models  include  rules,  self-directions,  and 
cues  of  adequate  performance.  As  the  student’s  skill  increases  in 
continuous  movement  tasks,  a high  degree  of  internal  control  is  developed; 

i.e.,  the  routine  tasks  are  performed  smoothly  with  little  conscious 
effort,  and  conscious  control  governs  increasingly  larger  blocks  of 
behavior. 

The  following  guidelines  have  been  defined  for  training  continuous 
movement  tasks.  The  algorithm  representing  these  guidelines  is  presented 
in  figure  10. 

1,  State  clearly  the  criterion  behavior  or  objective  to  be  achieved. 
Relate  the  objective  to  the  student’s  future  real-world  assignments. 

Provide  him  with  an  overview  of  desired  movements. 

2,  Break  the  task  up  into  appropriate  parts.  (Use  as  criteria  to 

ut  c -.ni.a  size  of  these  parts:  ability  of  learner,  complexity,  and 

length  ot  task.) 

3,  Ensure  that  the  critical  external  cues  are  realistic  and  available 
to  the  student  continually  during  the  performance  of  the  task,  particularly 
during  the  latter  part  of  the  training. 

. P>"nvide  training  to  scan  by  specific  training  of  eye  movement 
and  wliere  to  focus  for  scanning. 

5.  Insure  a high  degree  of  realism  in  the  operator's  response  in 
training  for  continuous  controlling  tasks. 

5.  Demonstrate  the  desired  task  performance  with  a model. 
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uProyicte  exte^  to  achieve  skilled  performance. 

Practice  should  contain  (a)  understanding  skill  objectives,  (b)  observing 
skilled  perfomidnces,  (c)  practicing  the  task,  (d)  obtaining  knowledge  of 
results  (KOR),  and  (e)  scheduling  periodic  rest  intervals. 

- 8.  Provide  reinforcement  contingent  upon  characteristics  of  the 
student's  response  so  that  by  a prt)coss  of  "successive  approximations" 
the  final  desired  proficiency  (withir  acceptable  tolerances)  is  produced. 

9.  Give  KOR  concerning  discrete  segments  of  student  performance, 
especially  during  early  stages  of  learning. 

10.  Give  positive  reinforcement  after  correct  student  performance; 
initially,  immediately  after  each  discrete  segment  of  performance;  toward 
the  end  of  training,  after  each  maneuver  or  cou.plete  operation. 

11.  Practice  on  specific  components  when  learning  a complex  task, 
as  opposed  to  practicing  on  the  entire  task  at  once. 

12.  Practice  under  the  varied  conditions  that  will  exist  in  the 
operational  setting,  if  possible. 
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K.  PERFORMING  GROSS  MOTOR  SKU  LS 

This  category  includes  skills  characterized  by  repetitive  nrator 
acts  involving  t*  use  of  large  muscles.  It  often  includes  chaining  of 
movements  and  a low  level  of  attention  by  the  skillful  perfonner. 

, Fatigue  may  becojiie  a factor  in  the  performance  of  these  skills  when 
-Oetf''nned  over  an  extended  period  of  time.  ExatiiJles  include  body  n^veircnts 
in  many  athletic  events  such  as  running , swimming,  and  jumping.  These 
motor  acts  are  controlled  by  various  forms  of  internal  and  external 
stimuli.  Proprioceptive  stimulation  arising  in  the  muscles,  tendons, 
and  joints  is  a primary  source  of  information  used  in  directing  this 
type  of  skill.  Perceptual  discrlmi nation  including  the  detection  of 
relevant  external  cues  is  secondary  to  successful  performance.  As  ■ i 
other  types  of  motor  skills,  conceptual  models  of  correct  behavior  are 
usually  used  as  a performance  guide  and  as  a baseline  for  self-evaluation. 

A high  degree  of  internal  and  unconscious  control  governs  the  discrete 
acts  in  this  type  of  skilled  behavior. 

The  guidelines  for  performing  gross  motor  skills  are  listed  below. 

The  algorithm  representing  these  guidelines  is  presented  in  figure  11. 

1.  Orient  student  to  the  learning  task  by: 

a.  Stating  the  objectives, 

b.  Relating  the  objectives  to  the  operational  task  he  will  bn 
performing. 

2.  Teach  the  student  to  discriminate  among  similar  cues  within 
each  of  these  classes: 

a.  Objects  in  the  job  enviroranent  to  which  the  pev*former  must 
respond  with  appropriate  action  (external  cues), 

b.  Proprioceptive  stimuli  (internal  cues). 

3.  Facilitate  the  student's  understanding  of  the  task  by  requiring 
him  to  do  the  following: 

a.  Observe  a demonstration  of  the  task. 

b.  Observe  the  component  parts  of  the  task  as  it  is  being 

presented, 

c.  Have  the  student  describe'' and  derorstrate  the  component 
parts  of  the  motor  task  which  he  observed. 
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4.  Require  that  the  student  practice  with  regard  to  the  following 
cOhsKeratlons: 

a.  Practice  a simple  task  in  its  entirety,  or  a complex  task 
1n  parts  and  then  fn  its  entirety. 

b.  Practice  under  varied  operational  conditions.  This  is 
ddhe  to  help  adapt  the  performance  of  this  task  to  potential  environmental 
changes  in  the  Operational  setting. 

; , c.  Ensure  that  during  practice  the  student: 

(1)  Understands  the  objectives  of  the  skill  while  learning, 

(2)  Observes  a skilled  performance  of  the  desired  task  as 
often  as  necessary, 

(3)  Obtains  feedback  concerning  his  performance  of  the 
task  (iinnediate  feedback  early  in  training,  and  a level  of  feedback 
appropriate  to  the  operational  setting  later  in  training).  Encourage 
the  student  to  respond  to  Internal  feedback. 

d.  Distribute  the  practice;  i.e.,  provide  for  rest  intervals 
during  training. 

5.  Ensure  that  feedback  of  the  following  kinds  will  be  provided: 

a.  Evaluative— student  learns  what  he  is  doing  that  is  correct 
or  incorrect. 

b.  Comparative— student  learns  how  his  performance  compares 
to  the  objectives  and  standard  of  performance  required  in  the  operational 
setting. 


6.  Provide  a pause  of  a few  seconds  after  feedback  has  been  given 
following  performance  of  the  motor  skill  to  allow  sorting  out  Of  errors 
made  during  the  training  performance. 

7.  Shape  the  desired  performatiicG  by  reinforcing  the  student's 
closest  approximation  to  the  desired  response. 

8.  'deduce  frequency  of  reinforcement  to  the  operational  level  as 
the  student  approaches  criterion  performance. 

9.  Require  the  student  to  overlearr.  desired  perforniance. 

10.  Increase  distractors  towards  the  end  of  training  to  the  level 
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that  the  person  will  encounter  in  the  operational  setting. 

11.  Provide  for  refresher  training  when  the  skilled  person  has  not 
perfomed  the  wiotor  skill  for  an  extended  period  of  time. 
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SECTION  HI 
RECOMMENDATIONS 

The  learning  guidelines  and  algorithms  presented  in  this  report  may 
be  used  in  carrying  out  the  following  steps  in  the  design  of  training 
systesns: 

1.  Specifying  learning  events  and  activities.  The  guidelines 
specify  the  significant  learning  events  and  activities  that  should  exist 
in  effective  training  programs  for  specific  types  of  tasks.  Since  there 
is  empirical  support  for  the  principles  in  these  guidelines,  training 
system  designers  should  attempt  to  find  practical  ways  to  carry  out  all 
of  the  guidelines. 

2.  Selecting  instructional  del i very  vehicles.  Each  type  of 
instructional  material  is  1 i mi  ted  as  to  the  functions  it  can  perform. 

The  training  system  designer  should  pick  an  instructional  delivery 
vehicle  capable  of  carrying  out  the  events  specified  in  the  guidelines 
and  algorithms.  This  is  contrary  to  the  usual  practice  where  the  delivery 
vehicle  is  selected  first  and  then  the  learning  events  are  chosen  to  be 
compatible  with  the  delivery  vehicle. 

3*  Designing  instructional  materials.  An  instructional  delivery 
vehicle  which  has  the  capacity  to  support  specified  learning  guidelines 
(see  item  2)  will  only  improve  learning  if  the  instructional  materials 
to  be  used  in  it  are  also  designed  to  the  same  guidelines.  Therefore, 
the  type,  sequence,  and  relationship  of  learning  events  in  instructional 
materials  designed  for  such  a system  should  be  in  bccordance  with  the 
appropriate  guidelines  and  algorithms. 

Evaluating  existing  instructional  materials.  It  may  bs  more 
economical  to  use  existing  modules  of  instructional  materials  than  to 
create  new  ones.  If  the  modules  are  to  be  used  in  a system  designed 
according  to  item  2,  the  guidelines  and  algorithms  should  serve  as 
criteria  for  determining  if  the  modules  are  suitable  or  can  be  modified 
to  bring  them  up  to  the  required  standard. 

5.  Modifying  algorithms  to  store  field  experience.  When  instruc- 
tional material  designed  according  to  an  algorithm  is  shown  to  be  inadequate 
in  the  field  setting,  then  the  algorithm  as  well  as  the  instructional 
mate'''ia1  should  be  modified  until  the  material  proves  useful  for  that 
setting.  In  this  manner,  algorithms  can"'be  used  as  the  basis  for  describing 
the  generi.s  structure  oi  successful  learning  materials  for  a specific 
• •■•V'.ing  ,'TK(  should  bc  used  as  a specification  for  the  design  of  similar 
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GLOSSARY 

Affective  Reaction  - A person’s  feelings  or  emotional  response  to  some 
object  or  person. 

Algorithm  (Landa)  - A precise,  generally  comprehensible  prescription  for 
carrying  out  a defined  sequence  of  elementary  operation  in  order  to 
solve  any  problem  belonging  to  a certain  class  (or  type). 

Concept  Formation  - Classifying  objects  into  groups  on  the  basis  of 
common  relationships  in  their  patterns  of  cues. 

Criterion  (Cofer)  - The  degree  of  mastery  to  be  reached  in  learning,  which 
is  set  by  the  instructor. 

Distributed  Practice  (Ellis)  - The  introduction  of  rest  intervals  during 
the  course  of  acquisition. 

Facilitate  (English)  - Increased  ease  of  performance,  by  a 

1 - decrease  in  time 

2 - increase  of  output 

3 - decrease  in  sense  of  effort; 
to  make  easier  or  less  difficult. 

Feedback  (Ellis)  - Cues  that  indicate  whether  a response  is  correct  or 
not  and  provides  the  learner  with  information  about  the  correctness 
of  his  responses. 

Guides  (Hilgard  & Bower)  - Environmental  cues  tha-.  facilitate  the  discovery 
of  the  correct  response  by  the  learner. 

Instructional  Delivery  System  (Braby,  et  al.,  1975)  - A system  to  accomplish 
human  learning  made  up  of  the  student  and  all  the  elements  with  which 
he  interacts  to  achieve  instructional  goals. 

KOR  (Ruch  & Zimbardo)  and  (Hall)  - Knowledge  of  results — information  as  to 
whether  the  student  has  reSf.onded  correctly;  information  the  individual 
obtains  about  his  actions. 

Media  - Those  materials  that  store  and  present  information  to  a student. 

Mnenonics  (Bugelski)  - Memory  aids  or  devices  for  facilitating  the  recall 
of  learned  material. 

Overlearning  (Hilgard  S Bower)  and  (Cofer)  - Further  practice  after  meeting 
the  initial  criterion  for  learning;  continuing  to  practice  beyond 
the  Doint  at  which  some  arbitrary  criterion  is  met.  Continuation 
ui  practice  beyond  some  criterion  of  learning  (or  of  mastery). 
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GLOSSARY  (continued) 

Positive  Reinforcement  (Ellis)  - Any  event  that  increases  the  likelihood 
of  a response  when  it  is  presented. 

Predictability  (Poulton)  - Quality  of  being  able  to  predict  one  event  when 
the  other  is  known. 

Prompts  (Kausler)  and  (Glaser)  - Stimuli  (usually  words)  known  to  elicit  the 

response  unit  when  given  as  a stimulus  in  a word  association  test; 
these  elicit  implicit  associations  to  that  prompt,  one  of  which  is 
the  to- be- recalled  response  unit.  A variety  of  stimulus  materials  which 
cue  the  appropriate  ^havior. 

Proprioceptive  Cues  - Internal  cues  from  the  muscles  and  tendons  indicating 
their  movement  and  position;  cues  that  are  aroused  as  a result  of 
muscle  movements. 

Reinforcement  (Ellis)  - The  process  by  which  some  response  tendency 
comes  to  be  strengthened. 

Salient  - Prominent  or  conspicuous;  important,  striking,  remarkable. 

Shaping  (Rr.rh  & Zimbardo)  and  (Marx)  - A technique  used  in  training  in  which 
all  responses  that  come  close  to  the  desired  one  are  rewarded  at 
first,  then  only  the  closest  approximations,  until  the  desired 
response  is  attained;  a procedure  in  which  selective  reinforcement 
is  used  to  train  the  learner  by  means  of  successive  approximations 
in  some  new  behavior. 

Similar  Cues  (Ellis)  - The  nun^er  of  elements  that  two  cues  have  in 
common. 

Stress  (Ellis)  - A state  of  the  organism  usually  characterized  as  motiva- 
tional (and  or  emotional).  The  task  demands  made  upon  an  individual 
learner. 

Vigilance  (Warm)  and  (Adams)  - Human  watchkeeping  or  monitoring  behavior; 
observing  a display  for  occasional  critical  signals;  alertness  for  the 
detect'* on  of  critical  signals  when  they  occur. 


